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INTRODUCT ION

There is a growing rgccgnifion of the fact that no really effective,
reproducible means of reversing the adverse effects of experimental endo-
toxin shock has been developed. A great number of claims for successful
pre- or post-treatment have been described but have been rather uniformly
unacceptable (20), There is a serious concern regarding the failure to
develop an effective treatment of septic shock in clinical medicine, and
the development of a more relevant animal shock model would greatly aid in
elucidating clinlcal problems observed in the human patient (1,4,5,18,24,
27,29).

A primary purpose of research in this laboratory has been to determine
the effects of intravenous injections of living E. coli organisms in dogs
and monkeys and coﬁpare them with responses produced by endotoxin. In
contrast to findings in dogs given endotoxin (9,!11,19,26), results with
ltve E. coli organism injection suggest that factors other than hepatic
pooling and peripheral vasoconstricticn may be responsible for the decrease
in cardiac output and subsequent deterioration in shock (7,12). The
sustalned decrease in total peripherail resistance in dogs administered
llve organisms (12) correlates we!l with recent ciinical reports of septic
shock (18,29). Renal vasoconstriction, decreased renal blood flow and urine
flow, regularly observed after lethal injections of endotoxin in dogs (6,
10,13) were replaced in.half the animals given live E. coli organisms with
renal hyperemia, decreased renal resistance and increased urine fiow (12).

Other basic problems arise concerning the development of a more

clinically relevant animal shock model and these have to do with the length
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of the experiments and the type of anesthesia administered. Objections may
be raised that the great majority of experimental reports have been confirmed
to a relatively short time for neasurements In an animal depressed by an
anesthetic (20,23).

\The purpose of the present study was to develop a more clinically
applicable animal shock model by withholding anesthetics while administering
live E. coll organisms at a dosage producing the degree of lethality seen in
clinical medicine and to study the animals in an unrestrained condition
during a substantially extended post-shock period. Results from these
experiments are thought to be of promise in regard 1o‘more closely approxi-

mating the manifestations of clinical shock in man.

METHODS AND MATERIALS

Experiments were carried out on twenty~nine adult mongre! dogs of either
sex. Animals were veccinated against distemper, trested for intestinal
parasites and allowed to stabilize for a two-week period prior to surgery.
Animals were intravenously 3anesthetized with sodium perntobarbital, 30 mg/kg,
and > 4-6 cm incision was made in the right side of the neck medial to the
Jugular vein. Fascia and muscles were spread 1o expose the carotid artery
which was lifted out and tied off distally. The artery was cannulated with
silastic tubing, the diameter and length varied to fit the sizes of the
individual vessels. The cannula was pre-measured and marked with a collar
to Teach the descending aorta. Blood moving downstream from the tip of
the catheter prevented clot formation within the tubing. After the cannula
was inserted into the vessel, it was anchored Yo the artfery with ties placed

on either side cf the coilar and secured to the tie used to close off the
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distal end of the artery. The Inclsion was sutured and the cannula was maln-
tained patent with minute daily flushings of saline and heparin. The dogs
were given a minimum three-day recovery period prior 1o lfve E. coll
organism Injections.

A speclal restraining device with sling supports was made to hold the
animals In a comfortable upright position for an initial two-bhour study.
The animal was placed in the restraint and & tlood sample was taken for
Po

control determinations of pH, Pco erum glutamic oxalacetic transami-

20 "9 ¢ _
nase (SGPT), white blood zell (WBC) counts, and hematocrit. Control rectal

temperature, mean systemic arterial pressure (MSAP) and heart rate were

" also taken at this time. Blood gases and pH were determined by use of the

t. L. Ultra Micro pH and Blood Gas Analyzing System {(Instrumentation Labor-
atory, Inc., Watertown, Mass,). Colormetric assays for the determination
of SGPT and SGOT were performed by the modified mefhod'of Peitman and
Frankel (21). With this procedure, keto acids react with dinitrol pheny!
hydrazine to form the ket acid hydrazones which, on the addition of sodium
hydroxide, yield an intense brownish color read on a colorimeter or
photometer. Prepared solutions of aspartic and alpha ketoglutaric acid,
atanine and alpha ketoglutaric acid, 2,4,-dinitropnhenyl| hydrazine and
pyruvic acid standard were obtained from Dade Reagents, Inc. U.ing a
Thomas White cell pipette, a 1:20 dilution was made of whole blood and 1%
acetic acid which was then put into a Neubauer counting chamber. Using

the 10X power on the microscope, four | mm square areas were couﬁfed and
the number of cells multipled by 50 gave the white cell count/cmm. Blood

smears were made at pre-determined Intervals, air dried and stained by the
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Wright's stalning method. Packed cell volume of the blood was obtained by
using the Guest-Weichselbaum micro hematocrit determination. Whole blood §
was put in heparinized capillary tubes, sealed with a special plastic putty,
and placed in a centrifuge for 5 minutes at 10,000 RPM,
Both the MSAP and heart rate were taken by connecting tubing to the
Indwel ling catheter surgically placed in the carotid artery. Pressures
were recorded with a P23DC pressure transducer attached to a Sanborn direct
writing recorder.

The blood sample designations were (a) pre E. coli, (b) +30 minutes

pés? E. coli, (c) 42 hours post E. coli, and (d) daily thereafter. MSAP
was monitored constantly and a hearf rate was taken every [5 minutes for
the Initial 2-hour period. The dose of orgénlsms utilized was an approxi-
mate LD60. Surviving dogs were brought out of the cages each day and,
after a biocod sample was withdrawn from the artery, they were monitored for
15 minutes for MSAP and heart rate. Cogs surviving eight days were
sacrificed.

Statistics were carried out utilizing a modified Student's T test,
All values equal to or less than p0.05 were considered significant.

E. coli of the Dunwald Strain obtained from swine, type BI5:0125 was
maintained on trypticase soy agar slants (TSA), transferred weekly, Incu-
hated and held in the refrigerator. To prepare the culture, 2-3 m! of TS
pbroth from the stock culture was Inoculated and broth was incubated 4-6

hours until cloudy in appearance. TSA slants were inoculated by dipping
a sterile swab in broth and streaking entire surface of slant and incubated
avernight (18 hours). To harvest th: cells for the inoculum, sterile

‘'saline was poured into the TSA slant and surface growth was carefully
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removed with a sterile swab. The suspenslion was poured into a sterlle cap tube
and centrifuged. After pouring off the supernatant fluid, the cells were
resuspended in sterile saline and the density of the suspension was estimated
on & B and L Spectro 20 and adjusted to 7% T. A colony count was done on

each day's inoculum to determine the viable organism count per mililiter.

Some experiments were carried out using a tranquillizing agent (15)
(Innovar Vet}; however, results showed that no measured parameters varied dif-
ferently in either Innovar-treated or totally unanesthetized dogs. Animals
were intravenously injected with 0.20 - 0.25 mI/kg live £. coll organisms.

Counts ranged between 2-4 x 109 organisms/ml.

RESULTS

Figures |, 2 and 3 show results from 29 animals intravencusly administered
live E. coli organisms. Dogs zre divided into survivors (N = 12) ang non-
survivors (N = 17), anc data is graphed with the two groups expressed separ-
ately. Non-survivors died within the first twentv-four hours, while sur-
vivors lived beyond the seventh day. Daily measurements Qere not carried out
In every surviving arimal due primarily to technica! problems.

Figure | presents changes in pH and mean systemic arterial pressure
{(MSAP)}. Both surviving and non-surviving animals showed significant decreases
in pH for the first two hours (p <b.05) while non-survivors had dropped to a
significantly lowe- pH than the survivors at two hours (p <0.01). Three days
later, mean pH of survivors was statistically indistinguishable from the pre-
injected value. MSAP fell to markediy low values at 30 and 120 minutes in
non-survivors (p <0.0!). MSAP was significantly depressed below pre-injection
values In surviving animals, from 120 minutes to 7-8 days (p <0.05). In
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addition, MSAP at 30 and 120 minutes In the nbn-survaot group was notably .
less than the survivors (p <0.05).

Figure 2 1llustrates changes In hematocrit and white blood cell count
(WBC) In 29 animals iIntravenously injected with tive E. coll organisms.
Dying animals exhiblted an average hematocrit rise from 35 to 54 per cent
(p <0.05), which was greater than the surviving group at 120 minutes (p <0.05),
The hematocrit was increased above control at two days (p = 0,05) and fell
below control by 7-8 days (p = 0.05) in surviving animals.

Figure 2 indicates that there were marked decreases in WBC count from
about 15-18,000 to approximately 2000/cmm within 30 minutes post injecticn
In both groups (p <0.01) remaining low by two hours (p <0.01), In the
surviving animals, however, WBC count rose to exceedingly high values,
reaching a peak of approximately 49,000 (p <0.01) by two days, falling to
38,000 (p <0.01) in three days, ZI,OOOI(p <0.05) In 4-6 days; and to control
(about 14,000} by 7-8 days.

The white call count decreasing by 30 minutes was due to segmented
neutrophils Ieavfng the circulation and fherefére the lymphocytes assumed
a greater percgnfage of the fota! white cell count at that time. On the
second day, the large increase in white count was due to the presence of
both immature and mature segmented neutrophils.

Table 1 shows a correlation of nucleated red cells and hematocrit in

five survivors and six non-survivors, all administered live E. coll organisms.

There was a positive correlation between the two parameters; it is seen that
the marked increases in number of nucleated red cells and hematocrits occur

at 120 minutes post-injection.




Cheriges in serum glutamic oxaslacetlic transaminase (SGOT) are reported
In Figure 3 and indicate an incrsased release of thls enzvme within Two hours
O In both survivors and neon-survivors (p <0,01) by 120 minvtes. SGOT vslues
of the non-survivor group were higher (p <0,0%) than the survivor znimals
at all points. Ever In survivers, SGOT remained signi€icantly eievated above
control by 3 days after injeé*ion. Figure 3 also shows similar iacreases -
in SGPT, however, the pezk value occurred at two days (p <0.0l) which remained
P above control levels (p <C.U0%, <0.0{}) for the entire elght-day survival period.
’ Table |l shows changes In heart rate, Po,, Pco, and rectal *emperature
following the Intravencus injection of Iive E, 21l organisms in dogs. The
. .only significant change in heart rate was the tachycardia obssrved in both
i. ~groups at two hours (p <0.05). Arterlal Po2 Increased In both survivors and
. non-survivors during the first day of E. coll injection (p <0.01, <3.95)
while arterial Pco2 decreased at 30 minutes and 120 minutes in non-survivors

and survivors (p <0.0!). Rectal temperature remained constant durirg the

entire post-injection period in both survivers and ncn-survivors.

DTSCUSSION
The Primary purpose of this investigation was to develop an experimental
septic shock animal model which was more meaningful in terms of its clinical .
relevance. Three major objections of earlier studies have bezn cfrcumven?ed y
in the present experiments in that anesthetics were avoided, shock was induces
ﬁy controlled vasculsr invasion of living E. coli orjanisms rather than
endotoxin, and measu:rements of parametars were extended for a Ieég*hy chronic

observation pericd.
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The presently developed protocol clear!ly moves closer to the clinlcal
antity of septic shock, and should lend Itself favorably +o long-term
therapeutic studies. Of major assistance in developing a successful chronic
animal model was the use of an indweljing arterial catheter and a restrain-
ing device which permitted animals to remain comfortable yet secure.

Resuits from these experiments suggest that acldosis and systemic
hypotension are correlated with lethality. Surviving anlmals showed a mild
degree of acldosis which was eventually raversed and a clight lowering of
mean systemic arteria: pressure. in contrast to previous results with
endotoxIn (19,26), changes in arterial pressure occurrad only gradually.

{t s proposed that thls manner of achieving a progress!ve develcpment of
systemic hypotension is mcre characteristic of the patlent's mznner of
developling septic shock. Changes in white celil counts werae biphasic;
promineat and rapigly induced leucopenisz was fo!lowed by leucocytosis on
the second day in the survivors, The delzyed increase in cell count may
be comparable to that seen in patients, sinze early clinicei'measuremen?s
appear to be lacking. ~tkirg, in rabbit experiments (2), coserved marked
teukopenia within ten minutes followed sventualiy vy some degree of louko-
cytosis invelving largeiy immature granuiocytic forms, This was described
also by Bennett and Ciuff (3) and Ltllehel and MacLean (17), in animal
sxperiments, although specific quantitative data is lacking. Wel!l and

others (25) reported the return cf white celi numbers from lowered valves,

“aithin *hree nours. tall and Gold (8) and Well and Spink (28) reported

teukocytoals in patients i1, bacteremic shock while Information relating

Yo leukopenia appzars to pe lacking. Resulis from the present study




demonstrating large increases In immature nuclea+ed red blood cells by two
hours after E. coli injection appears fto be a very significant observation
and may explain, in part, the abillty of the animals to support a higher
P02 as observed in these experiments. The significance of a correfation
between the elevation of hematocrit and increases In numbers of immature
red blood cells remains to be investigated.

Increases In Po, and decreases in Pco2 in the early post-injection period
(30-120 minutes) in all animals suggests stimulation of the respiratory center
and occurred even in the absence of systemic hypetension. Elevations of
serum levels of transaminases observed in the present study are indicative
of both early and sus*afned injury or depression of function in cardiac or
hepatic tissue. Similar [ncreases have been reportel in several disease
states (15,16,22). Hematocrit changes were only correlated with impending
death in instances i(n which extreme increases were noted two hours post-
injection. Recovery of the hematocrit was slow in surviving animals and
possibly represents a diminished stimulation of factors bringing about an
increase in RBC éoncen+ra+ion or recovery of fluid lost during the early

stages of shock,

SUMMARY
There is serious concern regarding the failure ‘o develop an effective
treatment of septic shock in clinical medicine. The primary purpose of this
investigation was tc develop an experimental animal septic shock model
which would be more meaningful in terms of its clinical relevance. Shock
was induced by Intravenous injection of an LD, . live E. coll organism

60
suspension in unrestralned uvnanesthetized catheterized dogs with measurements
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of parameters extended for a lengthy chronic observation period. Results
of the study suggest that acidosis and systemic hypotension are correlated

with lethallty, Changes in white cell counts were biphasic; prominent and

rapldly induced leucopenia was followed by leucocytosis by the second day

In survivors. The large increase In white cell count was due to the presence

of both Immature and mature segmented neutrophils. Large increases In

- Immature nucleated red blood cells observed two hours after injection of

organisms were correlated with Increasing hematocrits. Early marked and .
sustained elevations in serum levels of transaminases were observed and
considered indicative of injury or depression of func?ldn of cardlac or
hepatic tissue. Rapld,ilarge fncreases in hiematocrit were correlated with
early death, and recovery of hematocrit tn surviving animals, was siow,
extending through the entire survival period. The presently developed
experimental protocol clearly moves closer to the clinical entity of
septic shock and should lend itfself favorabiy to long-term therapeutic

Investigations.
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COFRELATION OF NUCLEATED RED BLOOC CELLS AND

TABLE |

HEMATOCRIT RN ANIMALS ADMINISTERED LIVE E. COL1 ORGANISMS

NUCLEATCL 1. CELLS (NUMBER/100 WBC COUNTED)

ANIMAL §QRV|VORS ANIMAL NON~SURV | VORS
NO.  MINUTES POST-INJECT.N DAYS POST-INJECTION _ NO.  MINUTES POST-INJECT ION
O #0 sz 2z 3 46 18 0 #0 H20
! o 28 . 57 L 0 0 0 6 0 6 16
z 0 s % o 0o 0 0 7 0 20 180
3 0 0 ; 14 2 0 1 8 0 0 |
a 0 0 25 2 0 0 0 9 0 0 40
5 2 24 13 2 0 0 0 10 0 a a1
N AT N N
MEAN 0.4  10.4 54.6. 1.2 0.4 0 0.2 MEAN 0 1.7 82.2
HEMATOCR TS
ANIMAL SURVIVORS ANIMAL NON=-SURV VORS.
NO. MINUTES POST-TRJECT!ION  DAYS POST-INJECTION  NO. MINUTES POST-I..JECTION
0 #0420 2 3 a6 18 0 #0120
| 30 33 33.5 31.533.5 33 24.5 6 37 a5 66.5
2 a2 a2 51 46.545.5 3. 38.5 7 35 48,5  54.5
3 40 40 40.5 40 39.5 34.5 33.5 8 36.5 38 45
4 35 39 43 35 34.5 32 28.5 9 32 38.5  59.5
5 43.5  43.5 46 41,5 -~  —=—= ——= |0 2.5 44 59
N T IR S
MEAN  38.1  30.5 42.8 38.9 38.3 343 31.3 MEAN  33.8  40.0  54.1
- 15
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TABLE 11

CHANGES IN HEART RATE, P02, PCOZ' AND RECTAL TEMPERATURE IN DOGS

ADMINISTERED LIVE E. COLI ORGANISMS (MEAN * S,E.)*

HEART RATE (beats/min)

MINUTES POST-INJECTION DAYS POST=-INJECTION :
o +30 +120 2 3 46 L8 :
Non-Survivor 1127 968 149 % 19 ;
P = NS 0.05 i
N = 17 I6 10 §
Survivor 109 £t 8 120 £ 16 155 = 15 1328 114 *8 126 +t 8 116 =8 ;
P = NS <0.05 NS NS NS NS t
N = 12 i 12 1 9 i1 10 ,§
ARTERIAL PO (mm Hg)
—_—
MINUTES POST-INJECTION ~ DAYS POST-INJECTION
o *30 +120 2 3 4“6 1,8
Non-Survivor 72 £ 1 86 t 2 87 £ 5
: P = <0.01 <0.01 ;
N = 12 12 12 ;
Survivor 75 £ 3 82 £ 3 383 + 2 67 ¢ 2 72 * | 69 ¢ | 67 t 2
P = <0.05 <0.0% NS NS 0.05 0.05
N = .12 (2 i2 I 9 I 8
ARTERI AL Pco2 {mm Hg)
MINUTES POST-INJECT ION DAYS POST-{NJECT!ON
[} 430 +120 2 3 4-6 1,8
Non-Survivor 30+ ] 25+ 2 222 '
P = <0.01 <0.01 :
N = 16 16 L ;
Survivor 31 £ 1 29 ¢ 2 25 = 1 32 & | 3T £ 1 3% | 3 & | |
P= NS <0.0! NS NS NS NS i
N = 12 12 12 I 9 1 8 i
RECTAL TEMPERATURE (°C) ]
MINUTES POST= I NJECTION DAYS POST~INJECTION
0 +30 +120 2 3 4-6 7,8
Non-Survivor 39.4 39.4 59.6
+ 0.2 + 0.3 £+ 0.5
N = 17 17 10 .
Survivor 39. 1 39.3 39.9 39.3 39.0 39,7 39.6
+ 0.2 + 0.3 + 0.5 £ 0.1 +0.2 0.3 + 0.2
N = 12 12 10 1 9 9 9

¥See text for statements of statistical significance.

NS = Not Significant
16
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Figure 1

Effects of intravenous injection of living E. coli organisms on pH and
mean systemic arterial pressure in dogs (approximzte dose E. croli, 109
organisms/kg). (Mean values, total of 29 dogs) (injection at zero time).
(See text for levels of statistical significance.)
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of live E. coli organisms (mean values, total of 28 dcgs) (approximate
dose E. coll, 107 organisms/kg). (Injection at zero time.) (Sec text
for determinations of statistical significance,)
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There is a growing recognition of the fact thet no really effective, reproducible means of
reversing the udverse effects of experimentol endotoxin shock has been developed, A great
number of zlaims for successfui pre= or post~treotment have been described but have been rather
uniformly unaczentzble, There is = serious concern regarding the failure to develop on effective
treatment of septic sheck in clinical medicine, and the development of a mare relevent anima!
shock mode!l would gieatly aid in elucidating clinical problems observed in the human patient, A
primary purpose of cesearzh in this ioborctory has been to determine the effects of intravenous
injections of liviag E. coli organisms in dogs and monkeys and compare then with responses
preduced by endotoxin. In contrast to findings in dogs given endotoxin, results with live E, coli
organis injection suggest that factors other then hepatic pooling and peripheral resistonce in dogs
adminiziered live orgonisms correlatas we!l with recent clinical reports of septic shock. Renal
vasoconstiiction, decreased renal blocd fiow and urine flow, regularly observed ofter lethol
injections of endotoxin in dogs weie repicced in half the animals given E, coli oraanisms with
renal hyperemia, decreased renal resistonce and increased urine Tlow, Other basic problems arise
concerning the development of a more clinizuliy relevent onimal shock model and these have to
do with the length of the experiments and the type of anesthesia odministered, Objections may be
raised that the great moiorit> of experimental reporis have been confimed to a relatively short
time for meosurements in cn onimal depressed by an encsthetic, The purpese of the present study
was to develop a more clinically opplicable animal snock model by witrhholding anesthetics while

administering live E. culi urganisms at o dosage prioducing the degree of lethality seen in clinical
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ABSTRACT (CONT)
medicine ond to study the animals in an unrestrained condition auring a substantially extended

post-shock period. Results from these experiments are thought to be of promist in regard to more
closely opproximating the manifestations of clinical shock in man,




